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OHMIC CONTACT CONFIGURATION 

5 Background of the Invention ; 

Field of the Invention : 
The present invention lies in the semiconductor technology- 
field. More specifically, the invention relates to a contact 
configuration with an ohmic contact between a metalization 

. 10 layer and a semiconductor body made of a monocrystalline 



semiconductor material • 

In order to produce an ohmic contact between a metalization 
layer and a semiconductor body, a sufficiently high doping 

15 concentration is required in the semiconductor material of the 
semiconductor body. By way of example, if the metalization 
layer comprises aluminum and the semiconductor body comprises 
p-doped silicon, then the doping concentration in the surface 
region of the semiconductor body with respect to the 

20 metalization layer should be at least 10^^ doping atoms cm"^. 
If the silicon of the semiconductor body is n-doped, then a 
surface doping concentration of even in excess of 10^^ dopant 
atoms cm"^ is required, 

25 These minimum doping concentrations pose a problem if the 
regions of the semiconductor body that adjoin the contact 
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region with respect to the metal izat ion layer are not intended 
to have a high emitter efficiency. This is because the 
injection behavior of an emitter depends crucially on the 
dopant dose introduced into its region. In a semiconductor 
body, however, even with a deposition very near the surface 
for example by way of ion implantation and a subsequent 
annealing step, high surface doping concentrations cannot be 
produced with arbitrarily small dopant doses of the order of 
magnitude of less than 10^^^ dopant atoms cm"^, for example, 
wi thout s igni f icant redi s t r ibut ion . 

At the present time, the contact to the body zone in power 
MOSFETs and IGBTs (insulated gate bipolar transistor) is 
preferably connected to the source electrode by a heavily 
doped p-conducting region with the lowest possible resistance 
in order that the pn junction between body zone and source 
zone is not forward-biased with respect to the source zone in 
the event of a high shunt current. For this would lead to a 
so-called '"latch-up" of the power MOSFET or IGBT, which 
prevents controllability via the gate arid brings about 
destruction of the power MOSFET or IGBT in the absence of 
external additional measures. 

The body diode thus integrated between body zone and source 
zone has the effect, in a power MOSFET or IGBT, that the 
latter is very heavily flooded with charge carriers in the 
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reverse direction. The commutation properties of the body- 
diode are very poor due to the high p-type doping of the body 
zone on the front side of the power MOSFET. By contrast, IGBTs 
exhibit a certain reverse blocking capability due to the rear- 
5 side pn junction with respect to the collector zone. Here, the 
IGBT is already flooded with charge carriers in normal forward 
operation, which charge carriers then have to be depleted in 
the event of transition to the blocking state. The resultant 
charge carrier current to the cell then has to be conducted 
10 away with a sufficiently low resistance via the p-conducting 
body zone to the body contact . 

It is quite generally the case with bipolar transistors and 
diodes that a relatively high doping of the regions in the 
15 vicinity of the metalization layer with which contact is to be 
made leads to an often undesirably strong emitter, which 
results in a correspondingly high degree of flooding of the 
component with charge carriers and thus in higher switching 
losses . 

20 

In the prior art, the use of power MOSFETs in group circuits 
in particular at relatively high voltages of above about 300 V 
has been possible only to a very limited extent. At relatively 
low voltages of below 300 V, the switching losses in such 
25 power MOSFETs are relatively high. At the present time, the 
required latch-up strength of power MOSFETs or IGBTs is 



MUH-12841 

ensured through precise design of their cells and complicated 
fabrication methods. 

In the case of bipolar transistors and diodes, low emitter 
efficiencies can be ensured on the one hand through 
correspondingly low dopant doses and on the other hand through 
optimized doping methods. Reference is had, in this context, 
to the commonly assigned published application US 2003/0122151 
Al and German published patent application DE 100 31 461 Al, 
for example, which describe a high- voltage diode wherein the 
doping concentrations of an anode region and of a cathode 
region are optimized with regard to the basic functions of 
"static blocking" and "forward state." However, all of these 
measures are usually insufficient for achieving a weak emitter 
that is desired in many cases . 

For this reason, it is necessary to employ additional methods 
by which a subsequent weakening of the emitter efficiency is 
achieved by means of local or homogeneous setting of the 
20 charge carrier lifetime. What is particularly of significance 
here is a lowering of the charge carrier lifetime through 
local damage of the semiconductor crystal lattice in or in the 
vicinity of the emitter by irradiation with high-energy 
particles such as, for example, electrons, protons or helium 
25 atoms. What is disadvantageous about such a procedure, 
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however, is once again the susceptibility of completed 
components to process variations - 

Summary of the Invention : 
5 It is accordingly an object of the invention to provide an 
ohmic contact configuration, which overcomes the above- 
mentioned disadvantages of the heretofore -known devices and 
methods of this general type and specifies a configuration 
with an ohmic contact between a metalization layer and a 
10 semiconductor body that can be produced in a simple manner and 
is able to ensure a low emitter efficiency. Moreover, the 
intention is to provide an advantageous method for producing 
such a contact configuration. 

15 With the foregoing and other objects in view there is 
provided, in accordance with the invention, a contact 
conf igurat ion , compr i s ing : 

a semiconductor body of semiconductor material in a 
monocrystalline phase; 

20 a metalization layer; and 

a layer of said semiconductor material in a substantially 
amorphous phase disposed between said semiconductor body and 
said metalization layer, for forming an ohmic contact between 
said metalization layer and said semiconductor body. 
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In other words, a contact configuration of the type mentioned 
in the introduction is provided with a layer made of the 
amorphous semiconductor material of the semiconductor body, 
5 the layer being provided between the semiconductor body and 
the metalization layer. 

The invention is thus based on the completely novel insight 
concerning the usability of amorphous silicon: previously, 
amorphous silicon has been used for anti-reflection layers and 
for passivation. The invention now envisages that amorphous 
silicon may serve, this being completely novel, as a contact 
material between a metalization layer and a semiconductor body 
comprising silicon. 

However, the invention is not restricted to silicon: rather, 
it can generally also be applied to other semiconductor 
materials, such as, for example, to silicon carbide, compound 
semiconductors etc. Thus, by way of example, an amorphous 
silicon carbide layer can effect an ohmic contact between a 
metalization layer and a silicon carbide semiconductor body. 

The contact configuration according to the invention thus 
enables an ohmic junction between, in particular, a lightly 
25 doped silicon semiconductor body and a metalization layer 
applied thereto by an intermediate layer made of amorphous 
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silicon being deposited onto the silicon of the semiconductor 
body. On account of its high defect density, amorphous silicon 
has the desired property of forming an ohmic contact between 
the amorphous silicon layer, on the one hand, and the 
5 metalization layer deposited thereon, on the other, as well as 
between the amorphous silicon layer on the one hand, and the 
crystalline silicon of the semiconductor body on the other 
hand. This specifically holds true even when the preferably n- 
conducting doping in the amorphous silicon layer is present 
10 only in a low concentration. 

Amorphous silicon vapor-deposited or sputtered onto a silicon 
semiconductor body is generally n-conducting after a heat 
treatment which follows its deposition, which heat treatment 
may preferably proceed at about 350®C to 450°C. In this case, 
the amorphous silicon may already contain a relatively high 
concentration of hydrogen, depending on its production 
process. Since the sheet resistance that results in an 
amorphous silicon layer is relatively high, it may be 
expedient for hydrogen atoms additionally to be incorporated 
into the amorphous silicon layer in order to increase the n- 
type doping in a targeted manner. 



15 



20 



The incorporation of the hydrogen atoms into the amorphous 
25 silicon layer may be effected for example by the heat 

treatment which follows the deposition, and which is carried 
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at about 350°C to 450°C, being performed in a hydrogen- 
containing atmosphere. A further possibility consists in 
producing the amorphous silicon layer by means of a glow 
discharge process in a silane atmosphere (SiH4 atmosphere) or 
5 else in carrying out the sputtering process itself in a 
hydrogen-containing atmosphere. 

A primary advantage of the contact configuration according to 
the invention is that it enables an ohmic contact on an n- 
doped or else p-doped semiconductor body, and in particular on 
a silicon semiconductor body, without the need for the contact 
to have a high emitter efficiency, since the emitter 
efficiency remains low due to the amorphous structure of the 
deposited layer. 

In addition to or instead of the doping by means of hydrogen, 
it is also possible to provide an amorphous silicon layer with 
other n-doping substances, such as phosphorus, for example. 
Such an additional doping is preferably perfonned since 
hydrogen -doped silicon can be electrically actively doped more 
easily with phosphorus, for example, or else - for the case of 
a targeted p-doping - with boron, for example. 

The contact configuration according to the invention is 
25 advantageously employed for example for the source contact of 
a MOS component, that is to say of a MOSFET or IGBT, for 
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example. In the case of such a MOSFET component, it is 
possible to dispense with a short circuit between body zone 
and source zone owing to the poor emitter efficiency. In this 
case, n-doped amorphous silicon can be deposited either 
5 directly on a p-doped semiconductor body (bulk) as source zone 
or channel terminal or on a more weakly n-doped source zone as 
contact material . 

If such an n-doped emitter is employed for diode structures, 

10 then the possibility of producing defects in the depth of the 
silicon semiconductor body through an additional irradiation 
by means of protons or helium atoms is also afforded, which 
defects may be provided with hydrogen during the above - 
described heat treatment process and then form donors. This 

15 process can thus be used to form an upstream field stop zone 
which is desired for many diode structures and, inter alia, 
leads to a softer switch-off (this will be discussed in more 
detail further below in connection with Fig. 1) , This zone may 
also lead to a targeted raising of the emitter efficiency. 

20 However, it is also possible to provide a raising of the 
emitter efficiency of that semiconductor region of the 
semiconductor body which is coated with amorphous silicon 
through an additional moderate conventional doping of the 
crystalline silicon region situated in direct proximity to the 

25 amorphous silicon layer, for example by means of phosphorus 
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atoms in the case of an n-type doping and for example by means 
of boron atoms in the case of a p-type doping. 

In principle, it is also possible to use the contact 
configuration according to the invention to produce a stable 
ohmic contact on a lightly doped p-conducting region for an 
IGBT, for example. This contact is likewise distinguished by a 
low emitter efficiency. In this case, the amorphous silicon 
may also be produced in p-conducting fashion through suitable 
doping. In this case, too, the emitter efficiency may easily 
be raised as required through a moderate additional doping of 
the region of the crystalline silicon which is situated in the 
region of the interface with the amorphous silicon layer. 
Thus, in IGBTs for relatively high switching frequencies, at 
the present time preferably weak p-conducting emitters are 
used for reducing the switch-off losses. The use of amorphous 
silicon as contact material in this case makes it possible to 
further reduce the p-type dose and thus the switching losses. 
At the present time, the minimum emitter efficiency is limited 
here by the ohmic contact -connectability. 

The contact configuration according to the invention makes it 
possible to protect specific regions in components which 
become very hot on account of instances of current splitting 
25 by the efficiency of an n- or p-conducting emitter formed by 
an amorphous silicon layer being locally attenuated in the 
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critical component regions. Such an amorphous silicon layer 
can be produced in a self -aligning manner by exploiting the 
effect that amorphous silicon starts to recrystallize at 
temperatures in the range above 600°C, which increases the 
5 contact resistance. Thus, if the component is operated above a 
noncritical current density range over a certain period of 
time, then the injection can also be locally attenuated on 
account of the local temperature increase and the locally 
increased contact resistance resulting therefrom. This reduces 

10 the injection. of such an emitter in the critical component 
regions, that is to say for example in the edge region of 
diodes during dynamic operation or, in pressure contact IGBTs, 
in the region situated below the edge of the pressure piece. 
This leads to a load relief during switch-off in the edge 

15 region in the case of the diodes, for example. 



In an advantageous manner, in the case of a contact 
configuration with a hydrogen- containing and generally 
additionally doped silicon layer, an outdiffusion of hydrogen 

20 atoms, which already occurs to an appreciable extent at 
temperatures in the region of 400®C, already suffices to 
impair the injection behavior of the emitter in locally 
targeted fashion. An alternative without utilizing this effect 
is locally reducing the emitter efficiency by locally driving 

25 out the doping from the amorphous silicon by means of a 

locally delimited input of heat from outside. Such an input of 
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heat may be effected for example by means of a heated grid or 
through radiation which acts locally, such as laser radiation 
for example, or is locally shielded, which can be done for 
example by means of a screen in an RTA furnace (RTA = Rapid 
5 Thermal Annealing) . It is also possible to allow the radiation 
to act in pulsed fashion. 

The contact configuration according to the invention may be 
produced by deposition by means of vapor deposition or 

10 sputtering of amorphous semiconductor material, such as, in 
particular, silicon or silicon carbide. However, it is also 
possible not to deposit the amorphous semiconductor material 
but rather to amorphize the surface of monocrystalline 
semiconductor material. With silicon, then, no amorphous 

15 silicon is deposited in this case. Rather, monocrystalline 

silicon is subjected to a damage process in order to amorphize 
it in regions where the intention is to create a contact 
configuration with an ohmic contact. 

20 It is advantageous, particularly for contact configurations on 
the rear side of a semiconductor wafer, to produce a damage by 
means of an implantation with a non-doping element. With this 
procedure, the actual emitter is then implanted particularly 
shallowly, so that practically all of the implanted atoms 

25 remain in the region of the damage. As an alternative, there 

may be a low dose of this emitter in the crystalline region as 
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well, wherein case this dose should be so low that the 
targeted weak emitter efficiency is not exceeded. Elements of 
the third period of the periodic table, such as silicon or 
argon, for example, are preferably suitable for a damage 
5 implantation. These elements have a relatively low 

amorphization dose in the region of 5-10^* cm'^ and, on the 
other hand, have significantly greater penetration depths than 
elements of the fourth period of the periodic table. 

10 Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in an ohmic contact configuration, it is nevertheless 
15 not intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

2 0 The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 
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Brief Description of the Drawings ; 

Fig. 1 is a graph plotting a fundamental doping profile of a 
1200 V diode, with the doping plotted as a function of an 
anode distance ; 

5 

Fig. 2 is a diagrammatic sectional illustration through a 
contact configuration according to the inventions- 
Fig. 3 is a sectional view of a trench component with the 
10 contact configuration according to the invention; and 

Fig. 4 is a sectional view of a planar component with the 
contact configuration according to the invention. 

15 Description of the Preferred Embodiments ; 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a 
fundamental doping profile of a 12 00 V diode with the contact 
configuration according to the invention. In this case, the 

20 basic doping BD in charge carriers/cm^ is plotted as a 

function of a distance d from the anode of the diode in lam. In 
the case of this diode, a rear-side contact comprises 
amorphous silicon (a-Si) and has a basic doping of between 
10^^ and lO^'* charge carriers cm'^. The doping profile firstly 

25 exhibits a region with a homogeneous basic doping, followed by 
a field stop zone with a high doping. This field stop zone 
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then undergoes transition to a layer made of amorphous silicon 
on the rear side of the diode. 

The field stop zone may be produced for example through an 
additional irradiation by means of protons or helium atoms. 
The protons or helium atoms produce defects in the depth of 
the semiconductor body, which defects are provided with 
hydrogen during a heat treatment process after the deposition 
of the amorphous silicon layer and form donors. Whereas the 
hydrogen is already present in the semiconductor body in the 
case of proton implantation, in the case of prior helium 
implantation it first has to be indiffused for example from 
the vapor phase or a plasma. The donors increase the doping in 
the region of the field stop zone above the homogeneous basic 
doping. The field stop zone has the advantage that it ensures, 
inter alia, a softer switch-off of the diode . 

Fig. 2 shows a diagrammatic sectional illustration through the 
contact configuration according to the invention. An amorphous 
20 semiconductor layer 2 is disposed on a semiconductor body 1 
made of monocrystalline silicon or monocrystalline silicon 
carbide, for example. The amorphous semiconductor layer 2 is 
likewise made of silicon or silicon carbide. The layer 
thickness of the layer 2 is in the nm range and may, for 
25 example, lie between 2 nm and 100 nm or a few 100 nm. The 



-15- 



MUH-12841 

doping concentration in the layer 2 is relatively low and, for 
example, lies between 10^^ and lO" charge carriers cra"\ 

A metalization layer 3 is applied as contact on the layer 2. 
By way of example, aluminum or chromium or aluminum/ chromium 
may be used for the metalization layer 3. 

Fig. 3 shows, as a concrete exemplary embodiment of the 
contact configuration according to the invention, a sectional 
illustration through a vertical trench MOSFET with an n-doped 
silicon semiconductor body 1 into which are introduced 
trenches 4 filled with polycrystalline silicon as gate 
electrode. A p-doped body zone 5 is situated in the 
semiconductor body 1, at the top side thereof, an n-doped 
source zone 6 being provided in turn at the top side of the 
body zone. The source zone 6 and the body zone 5 are contact - 
connected by a metalization layer 3 made of aluminum. 

An n*-doped terminal zone 7 is additionally provided on the 
rear side of the semiconductor body 1. A drain contact 8 (D) 
is provided on the terminal zone. 

According to the invention, the body zone 5 and the source 
zone 6, on the one hand, and/ or the n*-conducting contact zone 
7 are now provided with a p-doped or n-doped layer 2 made of 
amorphous silicon. The layer 2 may be produced by vapor 
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deposition, as has been explained above, or else by 
amo rph i z a t i on . 

Fig. 4 shows, as a further exemplary embodiment of the contact 
configuration according to the invention, a sectional 
illustration through a planar IGBT with an n"- conducting 
silicon semiconductor body 1, an additional lightly doped p- 
conducting collector layer 9, a collector contact layer 10 
(K) , p-conducting body zones 5, lightly doped n-conducting 
source zone 6, gate electrodes 11 in an insulating layer 13 
made of silicon dioxide with a gate oxide 12 and an aluminum 
metalization layer 3. 

Generally, the layer 9 may act as an emitter and be doped so 
weakly that, without the amorphous layer 2, a Schottky contact 
or an ohmic contact with a relatively high contact resistance 
would be produced. 

According to the invention, layers 2 made of amorphous doped 
silicon are provided below the aluminum metalization 3 in the 
body zone 5 and the source zone 6 and/or between the p- 
conducting collector layer 9 and the collector contact layer 
10 made likewise of aluminum, in order to enable a relatively 
low or even negligible doping of the zone 6 and/or of the 
layer 9. The layers 2 may be n-doped in the region of the 
source zone 6 and body zone 5 and be p -doped in the region of 
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the collector layer 9, It goes without saying that 
respectively opposite conduction types are possible for the 
doping in this case as well. 

5 The layers 2 may be produced by deposition by means of vapor 
deposition or sputtering in an optionally hydrogen- containing 
atmosphere, which may be followed by a heat treatment at about 
350°C to 450°C in likewise a hydrogen- containing atmosphere. 
However, it is also possible to produce the amorphous layer 2 

10 by means of a glow discharge process in an SiH4 atmosphere. 
Finally, the amorphous layer need not actually be deposited: 
rather, it is possible to amorphize the surface of the 
semiconductor body 1 itself (cf . Fig. 2) by introducing a 
damage by means of implantation with a non-doping element, 

15 such as, in particular, an element of the third period of the 
periodic table, that is to say silicon or argon, for example. 
This implantation may be effected with a dose of about 5 ■ 10^^ 
to 1 • 10^^ cm'^. 

20 The layer 2 may, preferably, also be locally recrystallized in 
component regions. This recrystallization may be performed at 
temperatures in excess of about 600°C. Regions which are 
suitable for a recrystallization are those regions wherein the 
emitter efficiency is intended to be reduced compared with the 

25 rest of the emitter area. 
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